The geochemistry, provenance, tectonic setting, paleoclimate and depositional paleoenvironment of Maastrichtian clastic sedimentary rocks from the western flank of Cretaceous-Tertiary intracratonic Anambra Basin, Nigeria have been studied through major and trace element geochemical analysis. Ten (10) representatives outcrop samples collected from two stratigraphic sections in the study area were analyzed chemically using Inductively Coupled Plasma Atomic Emission Spectroscopy, ICP-AES (Lithium Borate Fusion). The geochemical data shows that the sediments are enriched in major oxides including SiO 2 , Al 2 O 3 , Fe 2 O 3 and TiO 2 but depleted in other major element oxides. Also, the sandstones have higher concentrations in SiO 2 , CaO and Na 2 O compared to the associated mudrocks whereas the mudrocks are more enriched in Al 2 O 3 , Fe 2 O 3 , MgO, K 2 O, TiO 2 and P 2 O 5 compared to the sandstones. The mudrock samples have higher concentration of Ba, Ni, Sr, Y, Nb, Sc in comparison to sandstones. However, sandstone samples have higher concentration in Zr (1098.50 ppm) than the mudrocks (1038 ppm). The sandstones are classified as litharenites, sublitharenites, Fe-rich sandstones, while the mudrocks are labeled as shale and Fe-rich shale based on chemical composition. Analysis of the data shows a dominantly felsic igneous to intermediate igneous and quartzose sedimentary provenances of mixed granite and granodiorite composition as indicated by various discriminant plots. The inferred provenance is corroborated by the low concentrations of Cr, Ni and Sc in the samples and other proxies. On the basis of various tectonic setting discriminant function diagrams, the Maastrichtian sediments from the study 
Introduction
The study area with geographic coordinates defined by latitudes 7˚07'N and 7˚13'N longitudes 6˚21'E and 6˚31'E is situated on the western flank of Anambra International Journal of Geosciences sociated mudrocks in the stratigraphic section. According to Eynatten1 et al. [10] , petrographic provenance study is prone to high methodical errors (counting statistics) in the quantification of individual variables. Furthermore, the mineralogical and chemical composition of coarse grained sedimentary rocks frequently used for petrographic analysis may be significantly different from that of the parent material because of the effect of hydraulic sorting of grains controlled by grain size, grain shape and density of sedimentary particles. In consideration of the aforementioned reasons, Blatt [11] and Roser and Korsch [12] suggested that mudrocks and shale should be used more extensively in provenance study.
The sedimentary fill of a basin is controlled by a complex interplay between sediment supply, tectonic subsidence and sea level fluctuations and preserves the record of source rock composition, paleoclimate, paleogeography and tectonic history. The importance of geochemical provenance interpretations cannot be overemphasized. It provides useful information that permits better insight into the evolutionary history of a basin and it is an integral part of basin analysis. Basin analysis is an integrated programme of study that involves application of sedimentologic, stratigraphic, and tectonic principles to develop a full understanding of the rocks that fill sedimentary basins and to use this information to interpret the geologic history and evaluate the economic importance of these rocks [13] . According to Jian et al. [14] provenance analysis has industrial implications such as helping to evaluate the relationship between source and sink, discriminating sedimentary systems and depositional areas and thus facilitating oil and gas exploration. Inorganic geochemical study of sediments is an important tool in the determination of provenance, environment of deposition and paleo-weathering at source area. In addition, it serves as major tool in the discrimination of tectonic settings. According to Herron and Herron [15] , the introduction of modern chemical analytical techniques (X-ray fluorescence, energy dispersive X-ray spectrometry, and atomic absorption spectrometry, and so many more) has enabled a large number of high-quality chemical analyses of rocks, including sandstones and shale, to become available without corresponding detailed petrographic study. Despite its usefulness however, provenance analysis of analysis of Anambra basin fill has received only little attention. This study therefore seeks to utilize major and trace element geochemical analysis to unravel the provenance, tectonic setting and paleoclimatic conditions of sediments of Mamu Formation exposed in parts of the western flank of Anambra Basin.
Geology and Stratigraphy of Anambra Bsasin
The study area is situated in the western part of Anambra Basin ( the proto Anambra Basin was a platform thinly draped by sediments [20] . Major sedimentation in the Anambra Basin began in the Campanian with a short marine transgression followed by regression ( Figure 3 ). The basal lithostratigraphic unit of the Anambra Basin sedimentary sequence is the Nkporo Group, consisting of Nkporo shales, Enugu Shale and Owelli Sandstone as its lateral equivalent [21] .
The Nkporo Shale is composed of dark grey, very fissile but soft shale and sandstone with occasional thin interbeds of sandy shales, sandstone and marl with Sulphur coatings [2] . The formation is highly fossiliferous, consisting of both marine and terrestrially derived fauna, characterized significantly by dominant organo-facies responsible for hydrocarbon source system [22] . sandstone. The sandstone is fine to coarse grained, poorly sorted, and may contain pebbles which are poorly sorted and well-rounded while fine grains are subrounded [2] . The sandstone contains interbeds of white to brown laminated siltstones and carbonaceous claystones and it is mineralogically mature but texturally immature [23] . shale,, siltstones, including five bituminous coal seams which range from tens of centimeters to about 3.5 m in thickness in Enugu area [17] . The siltstone facies contains abundant burrows of Teichichnus and Thalossinoids and other ichnogenera, mostly horizontal burrow types [17] . The coal and shale facies contain abundant fossil flora especially those of continental and freshwater origin as well as fauna, especially foraminifera such as Textularia hockleyensis, Haplophrogmoids hausa [17] . Also, frequent occurrence of channel cuts in the fine-graind sandstone facies was reported by Nwajide [17] . Coal beds together with carbonaceous shales are present towards the basal part of the formation. The occurrence of coal suggests that the formation was deposited in paludal, deltaic and possibly shallow marine settings [24] . 
Material and Methods
Samples of mudrock and sandstone were collected from all sedimentation units during field work. Samples were studied megascopically to document the litho- 
Result

Major Elements
The result of geochemical analysis performed on selected rock samples from the study area is presented in Table 1 & (Table 3) , pointing to the fact that much of the SiO 2 occurs either as detrital 
Trace Elements
An overview of some trace element concentration and elemental ratios are presented in 
Discussion of Results
Chemical Composition
The chemical composition of siliciclastic sedimentary rocks is controlled by numerous factors such as weathering, sediment transport and depositional environment. The most essential of these factors include 1) composition of parents rocks, 2) grain size sorting effect during sediment transport and deposition [34] ,
3) chemical weathering during the entire sedimentary process and outcrop exposure [36] , and 4) burial diagenesis and metamorphism [35] . According to Jian et al. [14] , it is necessary to evaluate the effects of the last three factors of chemi-
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cal composition of sediments before drawing conclusion on provenance, paleoclimate and tectonic setting of the depositional basin.
Hydrodynamic sorting of detrital particles on the bases of density, grain size and particle shape during sediment transport and deposition results in mineralogical heterogeneity and consequently chemical differentiation. The effect of grain size arising from hydrodynamic sorting can be easily observed on the geochemical data presented in Table 1 and [37] , grain size differences is the result of hydrodynamic sorting during sediment transport and deposition leading to coarser grained sediments being generally Furthermore, the geochemistry of major elements of sandstone samples suggests that they are strongly depleted in K 2 O, Na 2 O, and CaO, but shows quite Figure 4 . Chemical classification of sediments from the study area, fields after [33] . is a common member of mature residual product of weathering as a result of its immobility.
Cox et al. [39] 
Provenance
The composition of sediments is typical of certain assemblages of igneous, metamorphic and sedimentary provenances that have unique style of sedimentary history [34] . Some major and trace elements are considered to be very useful for constraining the composition of provenance and tectonic setting as a result of [29] . Since these elements are thought to fractionate only a little during continental erosion, they are distributed proportionately into clastic sediments, thereby reflecting the chemical signature of the parent materials [29] [41]. Two commonly used provenance discrimination diagrams are those of [12] and [42] . Roser and Korsh [12] introduced two major elements discriminant function diagrams to constrain provenances and compositions of source rocks.
The first diagram is best suited for sediments containing little or no biogenic fraction while the second one is adapted for sediments with significant biogenic content. The diagrams differentiated four types of source rocks: 1) Mafic igneous International Journal of Geosciences sample with an undefined provenance. It is however difficult to decide the provenance of the sample that fell in the undefined field. Hayashi et al. [42] failed to recognize quartzose sedimentary (recycled detritus) provenance. Figure 5 . Discriminant function diagram for provenance signatures of sandstone-shale samples from the study area using major elements, fields after [12] . Moreover, the deduced of felsic igneous and/or quartzose sedimentary provenance for the sediment from study area is corroborated by low concentrations of Cr, Ni, Sc. Sc, Cr and Ni are preferentially partitioned into mafic igneous rock during fractional crystallization of silicate melt such that late stage crystallization products such as granite and pegmatite contain low concentration of these elements. According to Cullers and Podkovyro [40] , Sc, Ni, Cr are usually concentrated in basic igneous rocks. Therefore, the depletion of these elements in the studied samples suggests either sediment derivation from felsic igneous rocks or that mafic lithologies played insignificant role.
Tectonic Setting
Deductions on the tectonic setting of the depositional basin can be made by evaluating the geochemical signatures of the sediments. Different chemical characteristics are displayed by sediments deposited in different tectonic settings. to discriminant among samples from three main tectonic settings namely ocean island arc margin (ARC, active continental margin (ACM), and passive margin (PM). The samples plot both in passive margin (60%) and active continental margin (40%) regions (Figure 8 ). This result is consistent with the low to high [45] have been used to constrain the tectonic setting of the sediments of the study area ( Figure   9 ). All silica-rich samples plotted in the continental rift region. One of the two low silica samples plotted in the continental rift field while the other one plotted in collision region of [45] diagram. We prefer the result of the tectonic setting depicted in [45] diagrams because their diagrams have been proven to have higher success rate compared to that of [44] . Their diagrams were able to successfully discriminate among sediments collected from different known tectonic settings at success rate of 84.5% to 93.6% whereas the former diagram recorded a maximum success rate of 62% which is considered unsatisfactory [45] . Therefore the analyzed samples from the study area were deposited mainly in continental rift/ passive margin setting. Figure 9 . Tectonic setting discriminant function plots for high silica (top) and low-silica (bottom) samples, fields after [45] . Nesbitt and Young [36] applied CIA index to the study of fine-grained sediments only and not sandstones because the composition of mudrocks is thought to be more similar to that of the parent rocks compared to coarse-grained clastic sediments [30] . According to [36] pyroxene) that also contain these elements are present in the parent rock, the application of the CIA becomes unreliable [50] .
As noted by [46] , the unpredictable character of K + during weathering can be a source of error in CIA since [36] produced from a source area strongly affected by intense chemical weathering which resulted in selective depletion of mobile elements (e.g. Ca, Na, K) and preferential enrichment of Al and Si in the weathering profiles [53] . Also, the low abundances of CaO, K 2 O and Na 2 O in geochemical data ( Table 1) is typical of a humid environment, because of their high degree of mobility.
Maturity
The bivariate plot of SiO 2 against total Al 2 O 3 + K 2 O + Na 2 O ( Consequently, the detritus is enriched in stable mineral phase as quartz.
Depositional Paleoenvironment
Schmitz et al. [55] stated that both Sr and Ba are sensitive to variations of paleo-salinity, and they are more concentrated in seawater than fresh water. They however noted that difference in sedimentary environments could separate their correlations. Barium (Ba) is easily precipitated as BaSO 4 while Sr can migrate further because of its higher solubility than that of Ba [56] . Thus, the Sr/Ba ratio is commonly used to estimate the changes of paleoenvironments of sedimentary rocks [57] . Sr/Ba > 1 indicates marine deposition whereas Sr/Ba < 1 indicates continental deposition [57] . The Sr/Ba ratios of the sandstones and shales sam- 
